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Autopsy and antemortem two-dimensional echocardio-
graphic findings were compared in 30 cases to assess the
predictive accuracy of two-dimensional echocardiog-
raph y in complete transposition of the great arteries,
and thus its potential for replacing or altering an invasive
examination. These cases represent consecutive autopsy
cases of transposition between January 1978 and De-
cember 1982. Ages at echocardiographic study ranged
from 1 day to 15.5 years (median 8.5 months). Trans-
position of the great arteries had been diagnosed cor-
rectly in every case, and all associated anomalies iden-
tified by two-dimensional echocardiography were
confirmed at autopsy. Several additional anomalies not
found by two-dimensional echocardiography were ap-
par ent at autopsy; however, most were minor and in-
significant. The only potentially significant false negative
The two-dimensional echocardiographic features of com-
plete transposition of the great arteries have been describ ed
(\ - 9). Ver ification of the diagnosis and assoc iated anom-
alies has been obtained in previous studies by comparing
the two-d imensional echocardiographic findings with find-
ings at angioca rdiography or surgery . or both. Angiocar-
diograph y and surgery . however. often do not allow suffi-
cient or detailed assessment of all anatomic features. To our
knowledge , a systematic comparison of two-d imensional
echocardiographic findings with those at autopsy has not
been performed. In an effo rt to assess the predictive ac-
curacy of two-dimensional echocardiography in compl ete
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findings were one ventricular septal defect, two small
atrial septal defects, one mitral valve anomaly, one tri-
cuspid valve anomaly, three instances of patent ductus
arteriosus and four instances of persistent left superior
vena cava. Although significant pulmonary stenosis was
predicted correctly, the site of stenosis was not accu-
rately defined in four cases.
Two-dimensionalechocardiography is a reliable means
of diagnosing transposition of the great arteries. It can
limit the need for angiocardiography in the neonate; and
in older infants and children, it should be used to com-
plement cardiac catheterization and angiocardiography.
The latter may be indicated, especially before surgical
repair, to better define small ventricular septal defects,
site of pulmonar y stenosis, atrioventricular valve insuf-
ficiency and patent ductus arteriosus.
transposition of the great arteries. we reviewed the two-
dimen sional echocardiographic findings in 30 cases of trans-
position and correlated them with the autopsy findings.
Methods
Patient selection . Among the autopsy cases of complete
transposition of the great arteries dur ing the 5 year period
from January 1978 to December 1982, there were 30 con-
secutive cases in which 37 antemortem two-dimensional
echocardiographic studies were performed . At the time of
echoc ardiography the patients' ages ranged from I day to
15.5 years (median 8.5 months).
Echocardiographic equipment and views. Wide angle
echocardiographic sector scanners (Varian V-3000 and V-
3400. and Advanced Technolo gy Laboratory Mark V), with
a 2.25. 3.5 or 5.0 MHz transducer. were used for the echo-
cardiog raphic studies. Details of the complete two-dimen-
sional echocardiographic examination technique and tomo-
graphic sections have been reported previously (10). One
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inch (2 .54 ern) videotape recordings of real-time images
were used for review . In this report, examples of the two-
dimensional echocardiograms are on 35 mm photographs
of video still frames. The 37 two-dimensional echocardio-
grams were reviewed without the benefit of knowledge of
the autopsy findings or the original echocardiographic report.
Features typical of complete transposition of the great
arteries (1-9) were examined. The parallel orientation and
transposed origin of the great arteries and the sharp posterior
angulation of the posterior great artery were assessed from
the standard parasternal and high parasternal long-axis views.
A double-circle appearance of the great arteries and the
bifurcation of the posterior great artery were assessed from
the parasternal short-axis views at the base of the heart. The
subcostal view was also used for possible demonstration of
the bifurcation of the posterior great artery.
Associated anomalies. The presence of ventricular sep-
tal defect was assessed from the parasternal long-axis view
and the apical or subcostal four chamber views. The pres-
ence of pulmonary stenosis was best assessed from the par-
asternal long-axis view. Mitral or tricuspid valve anomalies
and the presence of atrial septal defect were assessed pri-
marily from the apical and the subcostal four chamber views.
Papillary muscle and leaflet anomalies were assessed from
the parasternal views. The mitral valve was also assessed
from the parasternal long-axis view. Left juxtaposition of
the atrial appendages has been described in the parasternal
short-axis view (II).
Overriding pulmonary artery. When the pulmonary
artery overrode the ventricular septum, the autopsy diag-
nosis was complete transposition of the great arteries, and
not double-outlet right ventricle, if more than half of the
pulmonary artery arose from the left ventricle (12,13); in
each instance, the mitral and pulmonary valves shared fi-
brous continuity and were not separated by intervening myo-
cardium. Echocardiographic mitral-pulmonary valvular
continuity was described when the valve leaflets were ap-
proximated with no intervening tissue.
Data analysis. The echocardiographic findings were
compared with autopsy findings and the original echocar-
diographic interpretation. The statistical concepts of sen-
sitivity and negative and positive accuracy were used to
analyze the results.
Results
Original and retrospective interpretations of echo-
cardiograms. The two-dimensional echocardiographic find-
ings at the review and the original interpretations were sim-
ilar, with the exception of the left juxtaposition of the atrial
appendages, the detection of which was possible only at
review on the basis of recent observations. In addition, the
original interpretation in one case was "double-outlet right
ventricle"; however, the autopsy diagnosis was "complete
transposition of the great arteries," because half of the pul-
monary artery originated from each ventricle and there was
mitral-pulmonary valvular continuity.
Echocardiographic features of transposition. Parallel
orientation and transposed origin of the great arteries and
the sharp posterior angulation of the posterior great artery
were demonstrated in all cases and led to the correct clinical
diagnosis of complete transposition of the great arteries (Fig.
I). The features of double-circle appearance of the great
arteries (Fig . 2) and of posterior great artery bifurcation
(Fig. 3) were less frequently observed in echocardiograms
from the early series.
Associated intracardiac anomalies. The correlation of
the two-dimensional echocardiographic and autopsy intra-
cardiac findings is summarized in Table I. All associated
intracardiac anomalies identified by two-dimensional echo-
cardiography were confirmed at autopsy . Several additional
associated anomalies, not detected by two-dimensional
echocardiography, were apparent at autopsy (Table 2) . Ta-
ble 3 shows the results of the comparison if one considers
Figure 1. Long-axis view of the heart showing parallel orientation
and transposed origin of great arteries and sharp posterior angu-
lation of posterior great artery. A, Echocardiogram. B, Autopsy
specimen from a different patient. A = anterior; Ao = aorta; LA
= left atrium ; LV = left ventricle ; MV = mitral valve; PA
pulmonary artery ; RV = right ventricle ; S = superior; VS =
ventricular septum.
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Figure2. Short-axis viewof the heartdemonstrating great arteries
as two circles A. Echocardiogram. B, Autopsy specimen from a
differentpatientdemonstrating aorta to the rightand anterosuperior
to the pulmonary artery, L = left; RA = right atrium; other
abbreviations a, in Figure I.
only the clinically significant false negative findings, As
such. we characterized those associated anomalies that af-
fected (or could affect) the choice of an operative procedure
or technique. The rest were considered insignificant. Thus.
the clinically significant false negative findings were one
ventricular septal defect of the infundibular type (in the first
patient of the series). two small atrial septal defects. one
mitral valve anomaly (cleft of anterior leaflet. thickened
leaflets and fused papillary muscles) and one tricuspid valve
anomaly (insertion of chorda tendinea to superior rim of
ventricular septal defect). Angiocardiography detected the
ventricular and atrial septal defects and demonstrated mitral
insufficiency in the patient with the cleft of the mitral valve
leaflet. The tricuspid valve anomaly was detected only at
operation, Furthermore. angiocardiography identified all four
instances of small, "insignificant" ventricular septal defect
and one case of mild, "insignificant" pulmonary stenosis
(the only true case of pulmonary stenosis that was missed
by echocardiography), Significant pulmonary stenosis was
accurately predicted by two-dimensional echocardiography
in every case; definition of the site of stenosis was not
accurate in two cases of subvalvular and two cases of com-
bined (valvular and subvalvular) pulmonary stenosis,
Associated extracardiac anomalies. Autopsy also dis-
closed the following extracardiac false negative findings:
three cases of widely patent ductus arteriosus, four cases
of narrow, closing ductus arteriosus, four cases of persistent
left superior vena cava draining to the coronary sinus and
one case each of single left pulmonary vein, absent left
innominate vein, retrobronchial right upper pulmonary vein.
origin of left vertebral artery from aortic arch and origin of
circumflex coronary artery from right coronary ostium, The
three instances of widely patent ductus arteriosus and the
four of persistent left superior vena cava were considered
clinically significant false negative findings, because they
required (or would require) attention at operation. The rest
were insignificant.
Angiocardiography detected all three instances of widely
patent ductus arteriosus, one of the four of persistent left
superior vena cava and three of the four of "insignificant,"
narrow, closing ductus arteriosus, All three instances of left
juxtaposition of the atrial appendages were identified at re-
view of the two-dimensional echocardiograms (Fig, 4),
Discussion
Echocardiographic features of transposition. Of the
echocardiographic features reported as being diagnostic of
complete transposition of the great arteries, the demonstra-
tion of the parallel orientation and transposed origin of the
great arteries and the sharp posterior angulation of the pos-
terior great artery were the most consistent findings. Bifur-
cation of the posterior great artery is important for positive
identification of the pulmonary artery (6-8). This feature
was observed more frequently in echocardiograms from the
late series; bifurcation of the posterior great artery was not
systematically sought previously. because the identification
of the great arteries in complete transposition was made on
the basis of the posterior angulation of the posterior and the
absence of bifurcation of the anterior great artery.
The echocardiographic features cited allowed morpho-
logic identification of each of the great arteries and, there-
fore, the diagnosis of complete transposition at review on
the basis of the discordant ventriculoarterial connections. It
follows that complete transposition of the great arteries can
be correctly diagnosed if the above features are seen com-
bined in the parasternal long- and short-axis and subcostal
views, as has been reported previously (7.9), The echocar-
diographic feature of double-circle appearance of the great
arteries in the parasternal short-axis view is not always pres-
ent in complete transposition of the great arteries and should
not be considered the only diagnostic criterion (7.9),
Associated anomalies. Most of the associated anoma-
lies not found by two-dimensional echocardiography were
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Table 1. Correlation of Echocardiographic and Autops y Intracardiac Findings in Complete Tran~pos it ion of the Great Arterie s (TGA )
Negative Positive False
Total* Autopsy Echocardiographic Sensitivity Accuracy Accuracy Negatives
Diagnosis Cases Cases Cases (%)t (% )t (% )t (no.)
Main diagnosis (complete TOA) 30 30 30 100 0
Ventricular septal defect 30 19 14 74 69 100 5
Pulmonary stenosis 30 16 12 75 78 100 4
Atrial septa) defectt 23 17 15 88 75 100 2
Mitral valve anomalies 30 9 I II 72 100 8
Tricuspid valve anomalies 28 5 I 20 85 100 4
"Number of cases in which the appropriate echocardiographrc views were available. t Scnsuivity = true positives/true positives + false negatives
(14). :j: ln four cases, examination at autopsy for atrial septal defect was not possible because of previous mtraatrial repair.
Negative accuracy = true negatives/true negatives + false negatives (15); posrtive accuracy = true positives/true positives + false posinves (15).
Table 2. Description of 23 Intracardi ac False Negative Findings
Cases
Finding (no. )
dard two-dimensional echocardiograms, because the Dop-
pler techniq ue was not available at the initial studies. Con-
trast echocardiography also was not considered, in order to
2
I
2
2
3
2
4
8
4
*These anomalies were considered clinically Significant
Ventricular septal defect 5
Infundibular defect between the two limbs of
the trabecula septomarginalis"
Small membranous defect with cordiike
structures
Small muscular defect
Pulmonary stenosis
Bicuspid pulmonary valve with mildly
thickened cusps
Mild thickening of cusps
Mild thickening of posterior cusp
Atrial septal defect
Small defect at fossa ovahs"
Mitral valve anomalies
Cleft of anterior leaflet. thickened leaflets and
fused papillary muscles (forme fruste of
parachute mitral valve!"
Double orifice valve with thickened anterior
leaflet and focal adherence to posterior
septum
Double orifice valve
Short chordae tendineae, elongation of
papillary muscles and redundant valvular
tissue at closing edge of anterior leaflet
Ventricular outpouchmg of anterolateral
commissure
Poorly formed papillary muscles with focal
endocardial fibroelastosis
Hypoplastic anterolateral papillary muscle
Hypoplastic posteromedial papillary muscle
Tricuspid valve anomalies
Insertion of chorda tendines to superior rim
of ventricular septal defect"
Fusion of medial and anterior tricuspid
papillary muscles
Mildly thickened leaflets
minor and insignificant. In an attemp t to evaluate these
results in the context of their relative clinical significance,
we exam ined (Table 3) only those false negative findings
that were considered clinically significant , thus disregarding
the trivial among the false negative findings listed in Table
2. Doppler or contrast echocardiography probably would
have detected the mitral insufficiency in the missed instance
of cleft of the mitra l valve leaflet, the three missed instances
of widely patent ductus arteriosus, and the small, musc ular
ventricu lar septal defects . This study concerns only the stan-
Figure 3. Echocardiographic demon stration of bifurcation of pul-
monary artery (arrows or arrowheads). A, Short-axis view at
base of heart. with cranial tilt . B, Subco stal view. TV = tricuspid
valve ; other abbreviations as before .
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Table 3. Correlation of Significant Echocardiographic and Autopsy Intracardiac Findings in Complete Transposition of the Great
Arteries (TGA)*
Negative Positive False
Total Autopsy Echocardiographic Sensinvity Accuracy Accuracy Negatives
Diagnosis Cases Cases* Cases (%) (%) (%) (no.)
Main diagnosis (complete TGA) 30 30 30 100 0
Ventricularseptal defect 30 15 14 93 94 100 I
Pulmonary stenosis 30 12 12 100 100 100 0
Atrial septal defect 23 17 15 88 75 100 2
Mitral valve anomalies 30 2 I 50 97 100
Tricuspid valve anomalies 28 2 I 50 96 100
"Only clirucally significant fa lse negative findings are considered here (incontrast to Table I).
assess two-dimensional echocardiography solely as a non-
invasive method of examination.
Pulmonary stenosis . Pulmonary stenosis was accurately
Figure 4. A. Short-axis echocardiographic view at base of heart
showing left juxtaposition of atrial appendages. The right atrial
appendage (RAA) is positioned behind the pulmonary artery and
to the left; arrowheads point to atrial septum. B. Corresponding
autopsy specimen from the same patient. LAA = left atrial ap-
pendage; P = posterior;R = right;otherabbreviationsas in Figure
I.
predicted by two-dimensional echocardiography, except in
one case of biscupid pulmonary valve and mildly thickened
cusps in a I day old neonate. The ability, however, to define
the level of the stenosis (subvalvular or valvular, or both)
was less satisfactory. The diagnosis of valvular instead of
discrete subvalvular stenosis in two cases should be attrib-
uted to the hypoplastic pulmonary anulus and the bicuspid
but nonstenotic valve; these were present in both cases.
Ventricular septal def ect and pulmonary stenosis. In
complete transposition of the great arteries. the presence of
associated anomalies. and particularly of ventricular septal
defect or pulmonary stenosis, is an important component
of the disease. These anomalies should be defined as ac-
curately as possible; their presence determines the manage-
ment of the patient and the operative procedure. In complete
transposition of the great arteries with ventricular septal
defect and pulmonary stenosis, differentiation of valvular
from subvalvular stenosis is not absolutely necessary if the
Rastelli operation is employed. However. definition of the
level of pulmonary stenosis is important if intraatrial repair
(Mustard or Senning procedure) and relief of the pulmonary
stenosis are preferred.
AV valve anomalies. In general. echocardiography has
been very useful in defining the pathologic features of the
atrioventricular valves. In the present study. two-dimen-
sional echocardiography provided for the diagnosis of a
dysplastic and moderately stenotic mitral valve: autopsy also
disclosed an anomalous mitral arcade (Fig. 5). The latter is
a rare anomaly of the mitral valve and one of the causes of
congenital mitral dysfunction (16); it consists of connection
of the papillary muscles to the anterior mitral leaflet. In
another case, an overriding tricuspid valve (without strad-
dling) with chordal insertions to the rim of the ventricular
septal defect was diagnosed by two-dimensional echocardi-
ography. Use of two-dimensional echocardiography to re-
veal and diagnose anular overriding and abnormal chordal
insertions in patients with complete transposition of the great
arteries and ventricular septal defect is important before a
Rastelli operation (17). Angiocardiography is not always
adequate to define these abnormalities.
Overriding pulmonary artery . In one case in this study,
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Figure 5. A, Transitional echocardiographic view (between par-
astemallong and short axes) showing severe thickening ofanterior
mitral leaflet (arrowhead); in the real-time display of the echo-
cardiogram. themitral valve appeared tobestenotic, with restricted
motion . B, Autopsy specimen from the same patient with opened
dysplastic mitral valve showing fusion of tips of anterolateral (AL)
and posteromedial (PM) papillary muscles to each other and to
anterior mitral leaflet (AML), that is, mitral arcade (arrows) . I
= inferior; PML = posterior mitral leaflet; other abbreviations
as before.
the pulmonary valve was overriding the ventricular septum
(Fig. 6). In some views of the two-dimensional echocar-
diogram the pulmonary artery appeared committed partially
to the left ventricle, whereas in other views the predominant
commitment was to the right ventricle. Thus, it can be
argued that this was a case of double-outlet right ventricle.
At autopsy, half of the pulmonary artery was found to orig-
inate from each ventricle. but mitral-pulmonary valvular
continuity was observed. This case is an example of an
occasional diagnostic dilemma in clinical practice.
Left juxtaposition of the atrial appendages (Fig. 4 and
6). This is an uncommon congenital anomaly, usually as-
sociated with severe, often predictable. complex cardiac
malformations (18). This finding in patients with complete
Figure 6. Long-axis view showing pulmonary artery overriding
the ventricular septum. A. Echocardiogram from the same patient
as In Figure 4 (leftjuxtaposition ofatrial appendages). B. Autopsy
specimen from a different patient. Abbreviations as before.
transposition of the great arteries may be helpful in properly
interpreting the altered atrial septal anatomy at the time of
balloon atrial septostomy (19) . It also may change the sur-
gical technique for repair of complete transposition of the
great arteries (20,21). Two-dimensional echocardiography
can provide for the diagnosis of this anomaly.
Clinical implications. The present study confirms that
two-dimensional echocardiography is a reliable means of
diagnosing complete transposition of the great arteries. In
the neonate. it can effectively assist the direction of the
invasive study. limiting the need for angiocardiography.
Cardiac catheterization is necessary for balloon atrial sep-
tostomy. In regard to associated anomalies. false negative
findingscan occur and, at the present time, two-dimensional
echocardiography cannot entirely replace angiocardiogra-
phy. Echocardiographic instrumentation and examination
techniques have undoubtedly changed, and considerable ex-
perience has been gained over the years. Nevertheless, in
addition to confirming the usefulness of echocardiography
lACC Vol 2. No 6
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in patients with complete transposition of the great arteries,
this retrospective study also underscores the potential lim-
itations and possibility of false negative findings. The results
also support the view that synthesizing the information from
a number of examination methods is the best and safest
approach to many clinical problems. For instance, Doppler
echocardiography may be helpful in assisting in the diag-
nosis of ventricular septal defect, patent ductus arteriosus
and atrioventricular valve insufficiency.
Two-dimensional echocardiography can be very helpful
in defining intracardiac anomalies and should be used in
patients with complete transposition as a complementary
study with cardiac catheterization and angiocardiography.
The latter may be indicated to better define small ventricular
septal defects, the site of pulmonary stenosis, atrioventric-
ular valve insufficiency and small patent ductus arteriosus.
Furthermore, angiocardiography is indicated to define the
status of the peripheral pulmonary arteries and the aortic
arch. These observations would be of particular importance
before surgical repair.
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